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Extracting ethanol from biomass is challenging due to the presence of lignin which needs to be removed to expose cellulose and 
hemicellulose for fermentation reactions. Lignin can be broken down effectively using ozone, OH radicals and other highly oxi-
dative species. However for this pretreatment method to be feasible, operating costs should be kept low. In this study, a specially 
designed biomass pretreatment reactor has been tested with the purpose of breaking down lignin efficiently. The novel design 
produces the plasma at the gas-liquid interface of the bubbles; hence facilitating the transfer of oxidative species produced by the 
plasma to the liquid phase immediately after production. To disperse the ozone efficiently, microbubbles were generated by the 
conjunction of a fluidic oscillator and a microporous nickel membrane which also acts as one  of the electrodes for generating the 
plasma. The DBD discharge was driven by a home-built half-bridge resonant power supply operating at 19kHz and 10kVrms. To 
control operation temperature the plasma was modulated. The duty cycle of the modulating signal was varied between 10% and 
45% by adjusting the on-time between 90 and 663ms and keeping a constant off-time of 810ms.  Preliminary characterisation 
tests identified two operating regimes for this reactor. Due to heating effects, low duty cycles (~10%) favoured ozone production 
while higher duty cycles (~45%) produced more NOx. 
Figure 1: FTIR analysis of plasma products after 90 minutes (a) Maximum ozone concentration and (b) . (b) maximum concentration of 
N2O, N2O5, HNO3, NO2 as a function of the duty cycle of the applied voltage. Lower duty cycles produce higher ozone concentrations due to 
their lower operation temperature whereas NOx production increases with increasing duty cycle.. 
Analysis of OH radical production by observing the chemical conversion of Terephthalic acid to 2-hydroxy Terephthalic acid 
showed compelling evidence for the existence of hydroxyl radicals. The plasma emitted UVB and UVC when air was used as 
gas supply but UVA can also be produced when the reactor is operated with a 5% He-N2 admixture. 
Miscanthus was chosen for the pretreatment studies as it contains high amount of lignin; and hence it is problematic for ethanol 
extraction.  ~3 litre samples containing 2.5% w/w biomass were pre-treated for times ranging from 30 minutes to 4 hours at 10% 
and 45% duty cycle. Following the pretreatment, enzymes were used to ferment cellulose and convert to bioethanol. 
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